Recent interest in transition metal complexes with chiral ligands originates from applications to asymmetric catalysis, 1-2 biomarkers 3 and metal pharmaceuticals, [4] [5] [6] and modeling metalloproteins. [7] [8] Since natural amino acids have an inherent chiral center and are relatively inexpensive, they have been extensively used as sources of chiral functionality. 9 Furthermore, amino acids can be easily modified as multidentate ligands by standard organic reactions such as conversion of the C-termini to amide and alkylation or reductive amination of the N-termini. 9 Due to the growing interest in the Cu coordination chemistry of sulfur containing amino acids in relation to copper proteins like dopamine β hydroxylase (DBH) and peptidylglycine α-hydroxylating monooxygenase (PHM), [10] [11] and possibly in Alzheimer's or prion peptides, [12] [13] we have decided to investigate the coordination chemistry of a new chiral multidentate ligand derived from L-methionine ethyl ester (L). We have found that the chelate forms a stable copper (II) complex in N 2 O fashion and maintains its chirality upon coordination.
EXPERIMENTAL

Materials and Methods.
Reagents and solvents used were of commercially available reagent grade quality unless otherwise stated. Anhydrous diethyl ether was distilled from sodium/benzophenone under argon. Elemental analysis (C, H, N) were performed by the Elemental Analysis Laboratory of the Korean Basic Science Institute. Chemical ionization mass spectra were obtained on a double-focusing Vacuum Generator 70-S (VG-70S) gas chromatography/ mass spectrometer. Infrared spectra were recorded on a KBr plate with a PE Biosystem FT-IR spectrometer. 1 H and 13 C NMR spectra were obtained in CDCl 3 , on a JEOL (400MHz) spectrometer. X-band EPR measurements were taken using a Varian E-4 spectrometer equipped with a liquid nitrogen Dewer insert. Electronic absorption spectra were taken with Shimadzu UV-160 using a quartz cuvette (1 cm). Well shaped blue crystals suitable for X-ray diffraction analysis were grown by layering of diethyl ether over the concentrated methanol solution.
Synthesis of N-pyridylmethyl-L-methionine ethyl ester (L).
X-ray Structure Determinations. X-ray quality crystals of (1) were grown by adding diethyl ether over methanol solution of the copper complex and allowing the solution to stand several days at room temperature. These crystals were mounted on glass fibers. All measurements were made on a Bruker SMART CCD Detector single crystal diffractometer with a graphite monochromated Mo Ka source (λ(MoKα)=0.71073 Å) at -80 o C. Preliminary unit cell constants were determined with a set of 45 narrow frames (0.3 in ω) scans. Data sets collected consist of 1286 frames of intensity data collected with a frame width of 0.3 in ω and counting time of 25 seconds/frame at a crystal to detector distance of 5.0 cm. The double pass method of scanning was used to exclude any noise. The collected frames were integrated using an orientation matrix determined from the narrow frame scans. SMART and SAINT software packages (Bruker Analytical X-ray, Madison, WI, 1997) 14 were used for data collection and data integration. Analysis of the integrated data did not show any decay. Final cell constants were determined by a global refinement of 8192 reflections (θ<25.0 o ). Collected data were corrected for absorbance using SADABS 15 based upon the Laue symmetry using equivalent reflections. Structure solution and refinement of the structure were carried out using the SHELXTL-PLUS (5.03) software package. 16 Tables of crystal data, data collection methods, and refinement procedures are provided in Table 1 .
RESULTS AND DISCUSSION
The ligand was prepared enantiomerically pure from the reaction of L-methionine ethyl ester with picolyl choride in the presence of sodium bicarbonate as base. The copper(II) complex has been synthesized from reacting 2 equivalents of L and Cu . This result indicates the copper ion is in a d x2-y2 ground state, which is in good agreement with the structure suggested by the crystal structure (vide infra).
An ORTEP plot of the copper complex is shown in Fig. 1 including the atom labeling scheme. Selected bond lengths and angles are listed in Table  2 . The copper ion is four coordinate with ligation to two pyridyl nitrogen atoms and two nitrogen atoms from the two secondary amines. In addition to the four Cu(1)-N bonds, the metal ion seems to have weak interactions with two ester carbonyl oxygens with an average distance of 2.5 Å. The average C-O distance (1.2 Å) of the two carbonyl oxygens is almost identical with that of the free carbonyl group seen in other related complexes. 18 However, a lone pair of electrons on each carbonyl oxygens points in the direction of the empty axial positions of the N(4) ) bond lengths are in the range expected for other related cupric compounds containing aliphatic amine and pyridine. 17 One notable feature of the structure is that the chiral carbons locate the ester and pyridyl functionalities such that they might form a small chiral pocket, which can be potentially useful for some applications such as aymmetric synthesis.
In summary, a L-methionine ethyl ester with covalently attached synthetic polydentate chelator and it's Cu(II) complex have been prepared and characterized. The structural and spectroscopic results indicate that the ligand coordinates to the cupric ion through the carbonyl oxygens as well as pyridyl and amino nitrogens. Further studies will focus on application of these metal complexes in modeling metalloenzymes and asymmetric organic synthesis. 
